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POTENTIOMETRIC SURFACE AND SPECIFIC CONDUCTANCE OF THE SPARTA AND MEMPHIS AQUIFERS IN EASTERN AND SOUTH-CENTRAL ARKANSAS, 1995
By Gregory P. Stanton
ABSTRACT
The Sparta and Memphis aquifers in eastern and south-central Arkansas are a major source of water for industrial, public supply, and agricultural uses. An estimated 240 million gallons per day was withdrawn from the Sparta and Memphis aquifers in 1995, an increase of about 17 million gallons per day from 1990. During the spring and early summer of 1995, the water level in the Sparta and Memphis aquifers was measured in 145 wells, the specific conductance of 101 ground-water samples collected from those aquifers was measured. Maps of areal distribution of potentiometric surface and specific conductance generated from these data reveal spatial trends in these parameters across the eastern and south-central Arkansas study area. The altitude of the potentiometric surface ranged from about 206 feet below sea level in Union County to about 307 feet above sea level in Saline County.
The potentiometric surface of the Sparta and Memphis aquifers contains cones of depression descending below sea level in the central and southern portions of the study area, and a potentiometric high along the western study area boundary. Major recharge areas exhibit potentiometric highs greater than 200 feet above sea level and specific conductance values less than 200 microsiemens per centimeter, and generally are located in the outcrop/subcrop areas on the southern onethird of the western boundary and the northern portion of the study area. The regional direction of ground-water flow is from the north and west to the south and east, away from the outcrop and subcrop and northern regions, except near areas affected by intense ground-water withdrawals; such areas are manifested by large cones of depression centered in Columbia, Jefferson, and Union Counties. The cones of depression in adjoining Columbia and Union Counties are coalescing at or near sea level. The lowest water level measured was about 206 feet below sea level in Union County. Increased specific conductance values were measured in the areas of the cones of depression in Columbia and Union Counties.
The cone of depression centered in Jefferson County coincides with an elongate area where ground water in the aquifer has low specific conductance. This area extends eastward from the outcrop/subcrop region of recharge. This extension of ground water with low specific conductance possibly indicates increased ground-water movement to the east-southeast from the outcrop/subcrop area induced by ground-water withdrawals in Jefferson County. Specific conductance increases markedly to the northeast and gradually to the south of this area.
Long-term hydrographs of eight wells in the study area, during the period 1970-1995, reveal water-level declines ranging from less than 0.5 foot per year in Phillips County to more than 2.0 feet per year in Union County. Water-level declines of greater than 1.5 feet per year generally are associated with the cones of depression centered in Columbia, Jefferson, and Union Counties.
for industrial and public supply, with lesser but locally significant withdrawals for agricultural uses. During 1995, an estimated 240 million gallons per day (Mgal/ d) of water was withdrawn from the Sparta and Memphis aquifers, up from about 222.50 Mgal/d in 1990. The two aquifers are the second most productive source of ground water in Arkansas (Holland, 1993) .
The study area ( fig. 1 ) includes most of the Coastal Plain physiographic province in Arkansas. The area is bounded on the north by the Missouri State line, on the south by the Louisiana State line, and on the east by the Tennessee and Mississippi State lines. The western boundary is defined as the western extent of the outcrop and subcrop (Hosman, 1982) of the Sparta Sand and the Memphis Sand.
The U.S. Geological Survey (USGS) in cooperation with the Arkansas Geological Commission and the Arkansas Soil and Water Conservation Commission has monitored water levels in the Sparta and Memphis aquifers since 1928. During March through July 1995, 145 water-level measurements and 101 specific conductance measurements were made in wells completed in these aquifers. The purpose of these measurements was to provide information describing the potentiometric surface and specific conductance of ground water in the Sparta and Memphis aquifers. This
eport presents results as maps and as updated waterlevel hydrographs.
DESCRIPTION OF AQUIFERS
The Sparta Sand and Memphis Sand of Eocene age are part of the Claiborne Group and mainly consist of fine-to medium-grain sand. In the central and southern parts of the study area, the Sparta Sand is underlain by the marine clay of the Cane River Formation, which serves as a lower confining unit. In the northern part of the study area (north of about 35 degrees latitude), the Cane River Formation is predominantly composed of sand (Hosman and others, 1968) , and the aquifer is thicker and more homogeneous. In this northern area, the Claiborne Group is not subdivided into the Sparta Sand, Cane River Formation, and Carrizo Sand, but the equivalent section is a single formation known as the "Memphis Sand." The Memphis Sand is underlain by a thick layer of clay that is part of the Wilcox Group. permeable units of the Sparta Sand and the Memphis Sand comprise the respective aquifers. Water levels in the Sparta aquifer generally correlate with those in the Memphis aquifer, therefore, the water-bearing formations are considered to be one hydrologic unit. Water in the Sparta and Memphis aquifers is generally confined except in the outcrop/subcrop areas (plate 1). Recharge to the aquifers chiefly occurs from infiltration of precipitation on the outcrop areas and from downward movement of water from the overlying alluvium in subcrop areas (Petersen and others, 1985) . Minor amounts of recharge probably also occur from leakage of water through the upper and lower confining beds where a positive gradient exists between overlying or underlying aquifers and the Sparta or Memphis aquifer (Edds and Fitzpatrick, 1989) . Lateral flow occurs from the Memphis Sand south to the Sparta Sand at the zone of lithofacies transition (plate 1) near 35° latitude (Petersen and others, 1985) . Discharge from the Sparta and Memphis aquifers occurs by withdrawal from wells, discharge to confining beds above or below, and subsurface flow to the south. A more detailed description of the Sparta and Memphis aquifers is given in Hosman and others (1968) and Petersen and others (1985) .
POTENTIOMETRIC-SURFACE MAP
The potentiometric-surface map shows the altitude to which water would have risen in tightly cased wells screened in the aquifers (plate 1). The map is based on 145 water-level measurements made during March through July 1995 (table 1). The surface is mapped by determining the altitude of the water levels measured in the wells and is represented on the map by contours that connect points of equal value. The general direction of ground-water flow in the Sparta and Memphis aquifers is perpendicular to the contours in the direction of downward hydraulic gradient.
The highest water-level altitude measured was about 307 feet (ft) above sea level, located in Saline County near the edge of the outcrop/subcrop region. The regional direction of ground-water flow is generally to the south to southwest in the northern half of the study area and to the east and south in the southern half, away from the outcrop and subcrop region except where affected by intense ground-water withdrawals. Three cones of depression centered in Columbia, Jefferson, and Union Counties are a result of large withdrawals of water for industrial and public supplies. The cone of depression centered in Jefferson County has an elliptical shape because of withdrawals for irrigation in Arkansas and Prairie Counties. The cones of depression in Columbia and Union Counties are elongate to the southeast and northwest, respectively, and coalesce at or near sea level. The lowest point measured was about 206 ft below sea level in central Union County.
LONG-TERM HYDROGRAPHS
Twenty-five years of water-level data from each of eight selected wells completed in the Sparta and Memphis aquifers were plotted as hydrographs to illustrate the history of water-levels in Arkansas, Bradley, Columbia, Desna, Jefferson, Phillips, Poinsett, and Union Counties ( fig. 2 ). Water levels have declined during the period of 1970 to 1995, generally more than 2 feet per year (ft/yr) in Union County; between 1.5 -2.0 ft/yr in Arkansas, Columbia, Desha, and Jefferson Counties; between 1.0 and 1.5 ft/yr in Bradley and Poinsett Counties; and less than 0.5 ft/yr in Phillips County. Water-level declines of greater than 1.5 ft/yr generally are associated with the cones of depression centered in Columbia, Jefferson, and Union Counties. The hydrograph in Phillips County, indicating drawdown of less than 0.5 ft/yr, is from a well in an area unaffected by a cone of depression.
SPECIFIC CONDUCTANCE MAP
The specific conductance of water is proportional to the concentration of dissolved solids in solution. In ground-water samples collected from wells in Union County (Broom and others, 1984) , total dissolved solids (in milligrams per liter) averaged about 60 percent of the specific conductance value in microsiemens per centimeter. The specific conductance map (plate 2) shows lines of equal specific electrical conductance of ground water in the Sparta and Memphis aquifers in microsiemens per centimeter at 25 degrees Celsius (p.S/cm). The map is based on 101 specific conductance measurements made during the period April through July 1995 from wells that are open to only the Sparta or Memphis aquifers (table 2) . Wells were pumped until temperature stabilized before a specific conductance sample was collected. Specific conductance data indicate regionally diverse zones of mineralization within the aquifers across the study area. Specific conductance ranged from 47 M.S/cm in Grant County to 1,230 nS/cm in Phillips County. Along the western border of the southern two-thirds of the study area (near the outcrop/subcrop region) ground water in the Sparta aquifer has low specific conductance indicating low dissolved solids. This is indicative of a recharge area. These data are consistent with interpretation of the potentiometric map, which indicates water-level highs and recharge areas near the western edge of the study area. An area where the ground water has low specific conductance extends from the central portion of the western edge of the study area across Jefferson County. This feature may result from the large ground-water withdrawals and resulting cone of depression centered in Jefferson County, producing movement of less mineralized water from the recharge area toward the east-southeast. Specific conductance increases markedly to the northeast and gradually to the south of Jefferson County. This gradual increase of specific conductance to the south continues to the Louisiana State line with a greater increase apparently corresponding to the cones of depression in Union and Columbia Counties. A possible explanation for this increase in specific conductance is leakage of water with greater conductance from an underlying aquifer. A previous study (Broom and others, 1984) documented specific conductance values greater than 2,000 |iS/cm for ground water from the Sparta aquifer in Union County in 1984.
Elevated levels of specific conductance also occur in Phillips and Arkansas Counties where values increase to greater than 1,000 |iS/cm. "Historic" data recorded anomalous highs in specific conductance ranging from 1,500 to 4,000 |lS/cm near Brinkley, Arkansas, in Monroe County (Morris and Bush, 1986) . Morris and Bush (1986) cited leakage of saltwater from the Nacatoch aquifer into the Sparta aquifer via a fault or abandoned oil and gas wells as possible explanations for these anomalies.
ometric-surface and specific-conductance maps generated from these data reveal spatial trends of these parameters across the study area. An estimated 240 Mgal/d was withdrawn from the Sparta and Memphis aquifers in 1995, an increase of about 17 Mgal/d from 1990.
Spatial trends in the potentiometric surface reflect the distribution of recharge and pumpage in the aquifer. A linearly trending potentiometric high along the western study area boundary coincides with a major recharge area. These areas exhibit potentiometric highs greater than 200 ft above sea level and specific conductance values less than 200 (iS/cm, and generally are located in the outcrop/subcrop areas on the southern one-third of the western boundary and the northern portion of the study area. The regional direction of ground-water flow is from the north and west towards the south and east, away from the outcrop and subcrop and northern regions except where affected by intense ground-water withdrawals in the central and southern portions of the study area; such areas are manifested by large cones of depression centered in Columbia, Jefferson, and Union Counties descending below sea level. The lowest water level measured was about 206 ft below sea level in Union County. Increased specific conductance values in Columbia and Union Counties coincide with cones of depressions.
Long-term hydrographs of eight wells indicate trends of water-level decline over a 25-year history. During the period 1970-1995, water-level declines ranged from less than 0.5 ft/yr in Phillips County more than 2.0 ft/yr in Union County. Water-level declines of greater than 1.5 ft/yr generally are associated with the cones of depression centered in Columbia, Jefferson and Union Counties.
SUMMARY
During the period of March through July 1995, 145 water-level measurements and 101 specific-conductance measurements were made by the U.S. Geological Survey in cooperation with the Arkansas Geological Commission and the Arkansas Soil and Water Conservation Commission in wells completed in the Sparta and Memphis aquifers in Arkansas. Potenti-
